respectively. Estimated mean annual fluxes of CO 2 were 3.5, 3.6, and 3.4 µmol m -2 s -1 at 31 altitudes 100, 400 and 1000 m, respectively. N 2 O fluxes were significantly influenced by 32 soil moisture and temperature. Soil-atmosphere exchange of CH 4 responded to changes in 33 soil moisture. Carbon dioxide emissions were strongly influenced by soil temperature. 34 7 proposed by Olson (1963) and decomposition time was determined according to Shanks 144 and Olson (1961) . 145
Five fine root soil cores samples were randomly collected from 0 to 10 cm depth in every 146 plot of each altitude, and treated according to Vogt and Persson (1991) . Fine root samples 147 were analyzed for total C and N concentration using a Carlo Erba elemental analyzer at the 148 Laboratory of Isotope Ecology, CENA-USP. For statistical tests, the mean of the five root 149 samples collected at each plot was considered as one of the four replicates per gradient of 150 elevation. 151
Soil water filled pore space (WFPS) and N contents 152
Once a month during one year of collection, and after soil gas collection, the surface litter 153 was removed from each chamber location and a soil core about 5 cm diameter and 10 cm 154 deep was collected. After collection, soil samples were transported on ice in an insulated 155 cooler to the Laboratory of Isotope Ecology at CENA-USP and stored at ~4°C until 156 analysis. Soil samples were sieved (sieve 2 mm mesh) to remove roots and large stones, 157 and a ten grams subsample was oven-dried at 105°C for 24 h to determine water content 158 gravimetrically and N contents (NH 4 + and NO 3 -), and N-mineralization and N-nitrification 159 processes as the procedures described by Piccolo et al. (1994) . Water filled pore space 160 (WFPS) was obtained from soil core samples collected once a month from each chamber 161 location and calculated according to Carmo et al. (2007) . Additionally, we recorded air and 162 soil temperatures (2 cm depth) using electronic thermometers. 163
Statistical analysis 164
All data were first tested for normal distribution and for homoscedasticity by the 165 Kolmogorov-Smirnov test. Because of the non-normal distribution of the fluxes for CH 4 166 and N 2 O, these data were log-transformed to homogenize variances. We analyzed gas 167 fluxes and other variables in a 2-way ANOVA design using altitude and month as 168 treatments. Four plots served as replicates at each altitude. Months could be considered as 169 treatments because the collection points for chambers were randomized every month. 170
Tukey's post-hoc analysis was used to make comparisons among altitudes. than dead mass and fine root mass (live and dead) was larger (P<0.05) at 1000 m (Table  199 2). In the dry season, there was no significant difference (P>0.05) between live and dead 200 mass along the altitudes but greater root mass (P<0.05) was again found at 1000 m 201
altitude. 202
Carbon to nitrogen (C:N) ratio of fine roots (live and dead) collected during the rainy 203 season was significantly higher (P<0.05) than in the dry season (Table 3) . In both seasons, 204 the C:N ratio of live roots was significantly (P<0.05) higher than dead roots. There was no 205 significant difference of C:N ratio of fine roots among altitudes (Table 3) . 206
Although a decrease in litterfall was observed at higher altitudes, there was no significant 207 difference among altitudes (Table 4) . Litterfall stocks on soil surface were significantly 208 higher (P<0.05) at 1000 m (Table 4) . Calculations using Shanks and Olson's model (1961) , 209
showed that litter decay rate decreases as altitude increases (P<0.05, Table 4); litter takes 210 18 months for 95% loss at 100 m and about 50% more time at 400 and 1000 m. 211
Soil-atmosphere emissions of trace gases 212
Annual means of soil N 2 O flux decreased (P<0.05) with the increase of altitude (Table 5) . 213
At all altitudes, we observed consumption of soil CH 4 with the smallest consumption 214 (P<0.05) observed at 100 m (Table 5) . CO 2 fluxes do not correspond to a full year andmonths, soil CO 2 fluxes averaged 3.1 (±0.3) µmol m -2 s -1 at 1000 m and were significantly 217 lower (P<0.05) than at 400 m and 100 m (3.3 (±0.3) and 3.6 (±0.2) µmol m -2 s -1 218 respectively), which were not distinguishable from one another. 219
The cumulative annual fluxes of N 2 O and CH 4 for the three altitudes were calculated and 220 the ANOVA results for N 2 O were similar to the simple averages (Table 5 ). In contrast, for 221 the cumulative fluxes of CH 4 we found no significant difference among altitudes. We note 222 that the simple data provide a more powerful test than the cumulative data because they 223 include more degrees of freedom. altitude, the integrated carbon dioxide emissions were similar at all altitudes despite the 337 higher temperatures (Figure 3 ) and the greater rates of decomposition (Table 4) 
